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ABSTRACT
Nowadays, in sustainable agriculture growing winter cover crops and using organic manure have
been widely implemented to improve soil quality which leads to increase of microbial activity.
Six-year study was performed to evaluate the effect of cropping system on soil microbial
hydrolytic activity, content of soil organic carbon (SOC) and total nitrogen (Ntot) under potato
cultivation by considering various management systems, while comparing the soil parameters
after previous crop. The experiment consisted of five-field crop rotation with two different
organic (Org 0 as control and Org II with winter cover crops plus added composted manure) and
conventional (Conv 0 as control and Conv II with mineral N, 150 kg ha–1) farming systems. The
results showed that hydrolytic activity of soil microbes decreased in every farming system under
potato cultivation. Interestingly, after potato cultivation, the lowest and highest decrease in the
soil microbial hydrolytic activity were seen in Org II and Conv II systems, respectively. The
highest soil microbial hydrolytic activity was measured in system Org II where incorporation of
biomass from winter cover crops and cattle manure was used. Finally, SOC and Ntot were higher
in organic farming systems and there no significant changes after potato cultivation.
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Introduction
Soil microbial activity that reflects microbiological pro-
cesses of soil microorganisms is the potential indicator
of soil quality, as plants rely on soil microorganisms to
mineralise organic nutrients for growth and develop-
ment. Soil microorganisms also process plant litter and
residues into soil organic matter, a direct and stable
reservoir of carbon and nitrogen that consists of living
and dead organic materials subject to rapid biological
decomposition. In natural systems, the action of soil
microorganisms is a major determinant of efficient nutri-
ent cycling (Chen et al. 2003). Soil microbial activity is sig-
nificantly more sensitive against changes in the soil than
physico-chemical parameters (e.g. soil organic carbon
(SOC) and Ntot content) (Oldare et al. 2008, 2011;
Tejada et al. 2008). The microbial activity in the soil can
be indicated by hydrolytic activity and the soil microbial
respiration, which is measured through CO2 production
(Tejada et al. 2008).
The soil microbial communities and their activity
depending on the cultivated crops and the farming prac-
tices (Chirinda et al. 2008; Wallis et al. 2010; Šteinberga
et al. 2012). In organic production where only organic fer-
tilisers are used, amount and quality of fertilisers affect
the soil physico-chemical properties, microbial biomass
and its activity in the soil (Gomez et al. 2006; Gomiero
et al. 2011; Bonilla et al. 2012). Organic amendments
increase crop yields by improving soil fertility (Baldwin
2006; Luo et al. 2018), and fertile soils rich in microbes
suppress plant pathogens (Agrios 2005).
It has been reported that the higher rates of organic
material in organic production have increased the mass
and activity of microbes (Watson et al. 2002; Larkin
et al. 2010). One of the most important indicators of
soil fertility and quality is the SOC content (Plaza-
Bonilla et al. 2014), that influences the chemical, physical
and biological properties of the soil (Lal et al. 2007). The
soils with higher SOC content are more fertile and
increase the crop yields (Plaza-Bonilla et al. 2014). There-
fore it is important to monitor SOC content in the soils in
order to avoid any decrease in SOC content. It is also
necessary to know which crop management methods
may increase the SOC. Presence of nitrogen in soil
organic matter is also an important source of soil fertility
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and it is released during the decomposition process of
organic matter (Sincik et al. 2008).
Potato needs a lot of nutrients for root and stem
growth and tuber development. The use of organic ferti-
lisers such asmanure, variousmulches and greenmanure
crops increase the organic carbon content and the
microbial activity in the soil (van Vliet et al. 2006; Larkin
2008; Larkin et al. 2010; Mandic et al. 2011; Bhagat et al.
2016). In potato cultivation, activity of bacterial popu-
lations and soil microbes have been increased by using
the greenmanure cover cropswhich have also had a posi-
tive effect on the tuber yield (Larkin et al. 2017). In conven-
tional potato farming system, soil is intensively managed
during the growing period (e.g. planting and soilmanage-
ment methods as well as using chemicals). It has been
found that soil microbial activity decreased after potato
cultivation (Chirinda et al. 2008; Šteinberga et al. 2012).
The reduction in the activity of soil microbes has been
shown in conventional farming practices where herbi-
cides and fungicides had been used for weed and late
blight control (Niemi et al. 2009; Järvan et al. 2014). The
herbicides and fungicides may either be directly toxic to
soil microbes or interfere with the relations between
species that may have a negative impact on plant
growth (Vukicevich et al. 2016). The insecticide usage
increased the occurrence of Rhizoctonia damage in
potato because of reduction of soil bacteria, which act
as growth stimulators to reduce the occurrence of infec-
tion, resulting in an increase in the resistance to diseases
(Thornton et al. 2010).
Considering above mentioned issues, it is possible to
hypothise that organic farming without synthetical agro-
chemicals and higher amount organic materials in
rotation could promote soil microbial activity, which is
important in processing materials to organic matter –
stable reservoir of carbon and nitrogen. The aim of the
present study was to investigate the effect of potato cul-
tivation under two conventional and two organic systems
on the soil microbial hydrolytic activity (FDA), change in
SOC content and total nitrogen content (Ntot) in compari-
son to soil parameters after previous crop.
Materials and methods
Experimental setup
Long-term field experiment comparing organic and con-
ventional farming systems was set up in 2008 at Estonian
University of Life Sciences (Chair of Crop Science and
Plant Biology) (58°22ʹN, 26°40ʹE). 5-field crop rotation is
used in the experiment. The potato was part of a crop
rotation experiment where red clover (Trifolium pratense
L.), winter wheat (Triticum aestivum L.), peas (Pisum
sativum L.), potato and barley (Hordeum vulgare L.)
undersown with red clover followed each other in that
sequence every year. The period between the end of
first crop rotation and the end of second crop rotation
(2012–2017) has been investigated in this article.
The crops in rotation are fertilised with organic and
mineral fertilisers in organic system and conventional
system, respectively. Four farming systems including
two organic and two conventional systems were investi-
gated in this study. Organic systems consisted of system
without winter cover crops (Org 0) that only followed the
rotation and system with winter cover crops and com-
posted cattle manure (for spring barley and winter
wheat 10 t ha–1 and 20 t ha–1 for potato in the spring)
(Org II). In Org II system after harvesting of winter
wheat, a mixture of winter rye (Secale cereale L.) and
winter rapeseed (Brassica napus L. var. oleifera L.) was
sown as winter cover crops. The nutrient amounts
applied in 2012–2017 (every year) with manure were
41–54 kg N ha–1, 12–19 kg P ha–1 and 27–43 kg K ha–1.
Furthermore, in organic systems neither mineral fertili-
sers nor synthetic pesticides were used.
In our experiment, the conventional system included
two different systems; – Conv 0 as a control (N0P0K0)
and Conv II (N150 P25 K95) for potato. In autumn herbicide
Roundup Gold (4.0 lha–1) and in spring Titus (50 g ha–1)
were used for weed control. Against Colorado beetle
Fastac 50 (0.3 l ha–1) and Decis 2.5 EC (0.2 l ha–1) were
used. Late blight control was performed twice: Ridomil
Gold MZ 68 WG (2.5 kg ha–1) and Ranman (0.2 kg ha–1)
together with Ranman activator (0.15 l ha–1). Each year
the field was levelled before potato planting (beginning
of May), deep ploughed and twice cultivated. The
furrows were formed before planting and potatoes
were planted by 2-row potato planter Juku. After plant-
ing the field was harrowed once and ridged three times.
Tubers of cultivar ‘Maret’ were planted in the furrow
with a distance of 25 cm between them and the width
of furrows was 70 cm. For planting, seed tubers with
35–55 cm diameter were chosen.
The experiment was set up in a systematic block
design with four replicates and the size of the test plot
was 60 m2 (Alaru et al. 2014). The soil was Stagnic
Luvisol (WRB 2014), sandy silt loam with humus depth
of 20–30 cm (Reintam and Köster 2006).
Chemical analyses
Once a year in mid-April before starting of field oper-
ations, soil samples were taken from the depth of 0–
25 cm. Eight samples were taken from each plot to
obtain the average for each plot. Air-dried soil samples
were sieved through a 2 mm sieve. The content of SOC
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was measured using the Tjurin method (Soil Survey Lab-
oratory Staff 1996) and Ntot content was measured using
the Kjeldahl method (Procedures for Soil Analysis 2002).
The spectrophotometric determination of soil
microbial hydrolytic activity is a simple and fast method
for evaluation of themicrobial activity in the soil (Schnürer
and Rosswall 1982; Nannipieri et al. 2003). For determi-
nation of soil microbial hydrolytic activity, the samples
of 500 gwere taken from the depth of 5–10 cm according
to ISO 10381–6 (1993) method and these were sieved
through the 2 mm sieve (Procedures for Soil Analysis
2002). The preparation of reagents for following soil
microbial hydrolytic activity analysis was performed
according to the method described by Adam and
Duncan (2001).
Statistical analysis
The statistical analysis of collected data was performed
with the software Statistica 13 (Quest Software Inc,
Aliso Viejo, CA, USA). Full-factorial analysis of variance
(ANOVA) was used to test the statistical significance of
year, farming system and their interaction effects on
soil properties (soil microbial hydrolytic activity, SOC
and Ntot). The significance of the effects on the soil
microbial hydrolytic activity, content of SOC and Ntot in
the soil was assessed with one-way ANOVA. In the com-
parison of the differences between plots Tukey HSD
(honest significant difference) post-hoc test (P < 0.05)
was used. Correlation analysis was used as linear corre-
lation coefficients between variables and the significance
of coefficients were taken as P < 0.001, P < 0.01, P < 0.05
or ns (no significant).
In this paper, all the experimental data are presented
on the average of 2012–2017 years.
Results and discussion
Results of factorial analysis showed that the significant (P
< 0.05) effect of the climatic conditions of the experimen-
tal years and the combined effect of years and farming
systems were noticed only for Ntot content in soil
(Table 1) The significant effects of the farming systems
on most parameters under investigation were apparent.
Soil microbial hydrolytic activity
As an average of six years crop rotation (2012–2017), the
highest soil microbial hydrolytic activity was measured in
Org II before potato cultivation where winter cover crops
and cattle manure were used (Table 2). Composted cattle
manure increases not only the fertility of the soil by
adding nutrients but also the microbial diversity in the
soil. Edesi et al. (2012) found that long-term crop
rotations and organic fertilisers have a positive impact
on the soil microbial populations and their activity.
As an average of experimental years of potato cultiva-
tion, microbial hydrolytic activity decreased in each
farming system (Table 2). After harvesting the potato
the lowest decrease of soil microbial hydrolytic activity
(by 3.9%) was observed in Org II system (F(1,46) = 2.17,
P = 0.148) and the highest decrease was related to
Conv II system, where soil microbial hydrolytic activity
decreased after the cultivation of potato by 8.6%
(F(1,46) = 16.23, P < 0.001). The decrease in soil microbial
hydrolytic activity of both control plots was between
Conv II and Org II respective values: Conv 0 by 6.2%
(F(1,46) = 5.82, P < 0.001) and Org 0 by 7.6% (F(1,46) =
12.40, P < 0.001) (Table 2).
Table 1. Impact of trial factors on soil microbial hydrolytic
activity (FDA, μg of fluorescein g–1 soil dry weight h–1), SOC
(%) and total nitrogen (%) content.
Factor
FDA (μg of fluorescein g–
1 soil dry weight h–1)
Soil organic
carbon (%)
Total nitrogen
(%)
Before potato
Year (Y) F(5,90) = 1.645,
P = 0.156
F(5,90) = 0.777,
P = 0.569
F(5,90) = 4.85,
P < 0.001*
Farming
system (FS)
F(3,92) = 35.95,
P < 0.001*
F(3,92) = 17.92,
P < 0.001*
F(3,92) = 15.79,
P < 0.001*
Y x FS F(15,72) = 1.23,
P = 0.268
F(15,72) = 0.62,
P = 0.846
F(15,72) = 2.42,
P = 0.007*
After potato
Year (Y) F(5,90) = 0.711,
P = 0.616
F(5,90) = 1.366,
P = 0.245
F(5,90) = 5.346,
P < 0.001*
Farming
system (FS)
F(3,92) = 46.94,
P < 0.001*
F(3,92) = 15.79,
P < 0.001*
F(3,92) = 15.15,
P < 0.001*
Y x FS F(15,72) = 1.35,
P = 0.199
F(15,72) = 0.87,
P = 0.599
F(15,72) = 2.48,
P = 0.005*
* – P < 0.05.
Table 2. Soil microbial hydrolytic activity (FDA, μg of fluorescein
g–1 soil dry weight h–1), organic carbon (%) and total nitrogen
content (%) before and after the potato cultivation as an
average of 2012–2017.
Farming
system
FDA (μg of fluorescein
g–1 soil dry weight h–1)
Soil organic
carbon (%)
Total nitrogen
(%)
Before potato
Conv 0 46.6 ± 0.9aa 1.31 ± 0.02a 0.101 ± 0.003a
Conv II 52.4 ± 0.8b 1.39 ± 0.04a 0.110 ± 0.004a
Org 0 56.0 ± 0.8c 1.52 ± 0.02b 0.129 ± 0.004b
Org II 60.1 ± 1.3d 1.60 ± 0.04b 0.133 ± 0.004b
After potato
Conv 0 43.7 ± 0.8a* 1.27 ± 0.02a 0.096 ± 0.002a
Conv II 47.9 ± 0.8b* 1.42 ± 0.04b 0.106 ± 0.004a
Org 0 51.7 ± 0.9c* 1.53 ± 0.04bc 0.124 ± 0.004b
Org II 57.8 ± 1.0d 1.59 ± 0.04c 0.129 ± 0.005b
aMeans followed by a different small letters within each column indicate sig-
nificant influence of farming systems (Tukey HSD post-hoc test, P < 0.05).
*indicates the statistical significance between values before and after the
potato cultivation (Tukey HSD post-hoc test, P < 0.05). ± denote the stan-
dard errors. Conv 0 – conventional system without mineral fertiliser,
Conv II – conventional system with mineral fertiliser (N150 P25 K95). Org 0
– organic system, only follows the rotation, Org II – organic system with
winter cover crops and composted cattle manure.
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Every year the lowest soil microbial hydrolytic activity
was measured in control plot (Conv 0) without fertilisers,
but where chemical herbicides had been used (before
F(3,92) = 35.95, P < 0.001 and after potato F(3,92) = 46.94,
P < 0.001). Madsen et al. (2016) reported that the soil
microbial hydrolytic activity was the lowest in test
areas without any fertiliser where chemical herbicides
were used. This is confirmed by organic system control
plots (Org 0) where the soil microbial hydrolytic activity
was by 17.7% (before potato) and 15.4% (after potato)
higher than in Conv 0 plots. Our results are in accordance
with previous findings that show the inhibition effect of
pesticide residues on the soil biota and activity of micro-
organisms (Makaw et al. 1979; Angelini et al. 2013). Based
on the literature, glyphosate affects adversely the free-
living bacteria populations by reducing the amount of
soil bacteria as well as the ratios of various bacteria
groups and thereby decreasing the soil fertility
(Newman et al. 2016; Aristilde et al. 2017).
The experiment carried out on the same test area
showed that as an average of crop rotation the highest
soil microbial hydrolytic activity was measured in
organic system plots, where the amount of organic
material (plant residues, cover crops and manure)
ploughed into the soil were the highest (Madsen et al.
2016). The undersowing of legumes into cereals
increases the soil biological activity and their roots
create suitable conditions for bacteria which produce
polysaccharides responsible for the physical improve-
ment of the soil parameters (Russell 1971; Tejada et al.
2008). The soil physical fractions comprising of several
organic compounds create structural and functional
properties of the soil carbon (Christensen 1996).
Sánchez de Cima et al. (2016) observed that the winter
cover crops and manure had a significant positive
impact on the enzymatic activity of microorganisms.
Soil organic carbon content
In our experiment, SOC in Org II systems was significantly
higher than in conventional systems before and after
potato cultivation (Table 2).
Compared to conventional systems (Conv 0 and Conv
II), SOC of samples collected from organic plots (Org 0
and Org II) before and after potato cultivation was
higher by the ratio of 13.6% (F(1,94) = 44.99, P < 0.001)
and 14.0% (F(1,94) = 33.81, P < 0.001), respectively (Table
2). There were no significant differences in SOC
between soil samples collected before and after the
potato cultivation. Moreover, there was a small decline
of SOC by 3.2% (statistically not significant) in Conv 0
after potato cultivation as an average of experimental
years (F(1,46) = 1.96, P = 0.168) compared to SOC before
potato cultivation (Table 2). Kauer et al. 2015 found
that in well-developed crop rotations high rates of N fer-
tilisers might be useful for stabilisation of SOC. This could
have been the reason why the changes in soil SOC
content in potato cultivation showed an increasing ten-
dency. Higher amount of SOC in Org II is due to the
bigger input of organic matter from sources such as
winter cover crops and manure (Org II) and also due to
greater number of earthworms (Kahu et al. 2017) which
play an important role in the humification of organic
matter.
Statistically significant relationship between SOC and
microbial activity was observed in samples which were
collected before and after the potato cultivation in con-
ventional systems (Figure 1(a,b)) – correlation between
SOC and soil microbial hydrolytic activity before potato
cultivation was R = 0.29, P = 0.046 and after potato culti-
vation R = 0.61, P < 0.001. Therefore, after potato cultiva-
tion SOC influenced the soil microbial activity in the
conventional systemmore than organic system. In exper-
iments by Kuht et al. (2019a) soil SOC was significantly
affected by microbial hydrolytic activity of the soil in cul-
tivation of barley undersown with red clover.
In organic systems before potato cultivation the corre-
lation between SOC and soil microbial hydrolytic activity
was (R = 0.43, P = 0.002) significantly higher than in con-
ventional systems and also after potato cultivation it was
R = 0.31, P = 0.034, slightly less than in samples collected
before potato cultivation (Figure 1(c,d)).
Soil total nitrogen content
Our results showed that organic farming system had a
positive effect on the soil Ntot content. The Ntot content
of samples collected from organic systems before
potato cultivation was higher than conventional
systems by 19.6% as an average of experimental years
(F(1,94) = 44.06, P < 0.001) (Table 2). Interestingly, after
potato cultivation, Ntot content of soil in organic
systems (Org 0 and Org II) was higher than in conven-
tional systems (Conv 0 and Conv II) by 20.0% (F(1,94) =
40.19, P < 0.001).
Before and after potato cultivation Ntot contents on
average of investigated years were higher under
organic farming systems (Table 2). Our results showed
that on average potato cultivation had some decreasing
effect on Ntot content. In terms of soil Ntot content, the
reduction has been shown only in the conventional
farming system where no mineral fertilisers were used.
However, in this study Ntot values were higher in
organic farming systems. Suppressing the soil microbiota
by use of pesticides and more acidity of the soil may be
the reasons for lower Ntot content in conventional
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system (Talgre et al. 2018). It should also be taken into
account that if soil biological processes are inhibited,
the decomposition of organic matter and then the
release of nutrients are reduced (Thornton et al. 2010).
A significant relationship between Ntot and soil
microbial hydrolytic activity content was seen only
after potato cultivation where correlation in conven-
tional systems was strong, R = 0.54, P < 0.001 (Figure 2
(a,b)). In organic systems before potato cultivation the
correlation between Ntot and soil microbial hydrolytic
activity was negative, R = 0.05, P = 0.974 (Figure 2(c))
although relationship was stronger after the potato culti-
vation, R = 0.28, P = 0.053 (Figure 2(d)). Therefore, the Ntot
content had a significant impact on the soil microbial
hydrolytic activity only in conventional system after
potato cultivation. But in the same experiment in the
soil after the cultivation of barley, that followed potato,
undersown with red clover the effect of FDA on Ntot
content decreased (Kuht et al. 2019b). Therefore, the cul-
tivation of potato with the use of organic fertilisers in
crop rotation is highly appreciated concerning the Ntot
content of the soil.
In organic systems, higher activity of soil microbes and
their relationship with SOC was seen in Org II (with winter
cover crops and composted cattle manure). Our previous
results have proved that cover crops and composted
cattle manure have significantly improved soil physical
parameters such aswater holding capacity and infiltration
in organic systems (Talgre et al. 2015). The improvement
in infiltration properties decreases the accumulation of
excess water on the field and also improves resistance
to drought. Although most of soil-borne diseases are
naturally suppressed, sometimes foliar diseases can be
problematic (van Bruggen et al. 2016).
For good crop health and high yields, good soil status is
the main indicator that has been frequently addressed. If
soil chemical composition and structure are optimal,
microbial activity will be high and if soil carbon levels are
stable, the conditions for crop production will be ideal.
Besides soil physico-chemical parameters, soil biological
characteristics (incl microbial and enzymatic activity) are
mentioned (Wallis et al. 2010; Šteinberga et al. 2012) as
the most important parameters for soil quality.
We concluded that the cultivation of potato
decreased the hydrolytic activity of soil microbes in
each farming system. After potato cultivation, the
lowest and highest decrease in soil microbial hydrolytic
activity was shown in Org II and Conv II systems,
Figure 1. The relationship between hydrolytic activity of soil microorganisms (FDA, μg fluorescsein g–1 dry soil h–1) and the content of
SOC (%) in conventional before (a), and after the potato (b), organic system before (c) and after the potato (d) cultivation as an average
of 2012–2017 (N = 24 farming system).
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respectively. The SOC and Ntot content before and after
potato cultivation were significantly higher in organic
systems compared to conventional systems. However,
significantly higher activity of soil microbes and their
relationship with SOC content was seen in organic
systems, especially in Org II, where winter cover crops
and composted cattle manure were used.
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